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Real Party In Interest 

The real party in interest is the assignee, Honeywell International Inc. (see Reel/Frame 
No. 010558/0960, Recorded on January 14, 2000) 

Related Appeals and Interferences 

There are no other appeals or interferences in this matter known to appellant. 

Status of the Claims 

There are 1 7 claims in this case. 

Claims 11-13 were withdrawn in the Request for Continued Examination dated 
November 5 2002 as being drawn to a non-elected invention. 

Claim 14 was canceled in the Request for Continued Examination dated November 5 

2002. 

Claims 1-10 and 15-17 are pending. 

Status of Amendments 

There have been no amendments filed subsequent to the advisory action received on 
November 1, 2005 in this matter. This advisory action was in response to a Response After Final 
filed on August 11,2005. 
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Summary of the Claimed Subject Matter 

This invention describes prilling methods, specifically methods of prilling shear- thinnable 
mixtures of a meltable first component and a second component using mechanical agitation in a 
prill head to shill thin the mixture. (See page 6, lines 18-end and page 7, lines 1-5). The key to 
the invention is the introduction of agitation into the prill head, which introduces shear-thinning 
to the high viscosity molten mixture. (See page 6, lines 18-25). Agitation in the prill head can 
be introduced in a number of ways, but a preferred agitation device is one where essentially the 
entire liquid volume in the prill head is swept by the agitator. (See page 6, lines 26-end and page 
7, lines 1-5). 

The methods include (see page 6, lines 5-25): 

a) providing a molten first component; (see page 8, lines 6-20) 

b) mixing at least a second component with said molten first component; (see page 
8, lines 6-30) 

c) reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate (see page 8, lines 30-37; page 9, lines 10-26; page 5, lines 
26-end and page 6, lines 1-5); 

d) mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by said 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence of a 
force selected from the group consisting of static pressure and centrifugal force, 
(see page 6, lines 26-38, page 7, lines 1-11, Inventive Examples 1 and 2 on pages 
11 and 12) 
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Grounds Of Rejection to Be Reviewed on Appeal 

Claims 1-6 are rejected under 35 USC § 103(a) as being unpatentable over Hoogendonk (US 
3083406) in view of Holland et al (1995), Hanke et al (US 5466281) and Otsuka et al (US 
3529326). 

Claims 7-10 are rejected under 35 USC §103(a) as being unpatentable over Hoogendonk (US 
3083406) in view of Holland et al (1995), Hanke et al (US 5466281) and Otsuka et al (US 
3529326), further in view of Frenken et al (US 3,988,398). 

Claim 15 is rejected under 35 USC § 103(a) as being unpatentable over Hoogendonk (US 
3083406) in view of Holland et al (1995), Hanke et al (US 5466281) and Otsuka et al (US 
3529326) as applied to claims 1-6 above, further in view of Bassetti et al (US 5378259). 

Claims 16-17 are rejected under 35 USC § 103(a) as being unpatentable over Hoogendonk (US 
3083406) in view of Holland et al (1995), Hanke et al (US 5466281) and Otsuka et al (US 
3529326) as applied to claims 1-6, further in view of Stengel (US 3021207). The Applicant 
respectfully disagrees, especially in view of the amendments presented herein. 
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Argument 

Issue No. 1 - §103 (a) Rejection of Claims 1-6 
Claim 1 recites: 

"A method to prill a shear-thinnable mixture comprising the steps of: 

a) providing a molten first component; 

b) mixing at least a second component with said molten first component; 

c) reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate; 

d) mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by said 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence of a 
force selected from the group consisting of static pressure and centrifugal force. 

Thixotropic versus Shear-Thinnable 

The Examiner has contended throughout the prosecution of this application that the terms 
"thixotropic" and "shear-thinnable" mean the same thing and are interchangeable. The terms 
thixotropic and shear-thinnable, while related, are not interchangeable and not understood in the 
field to mean the same thing. 

Reference is made to Holland (1995) and Hanke (US 5,466,281) to support the assertion 
that thixotropic and shear-thinning are synonymous terms. The applicant strenuously continues 
to disagree with that assertion. Holland clearly defines the terms to be different (as expounded in 
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the James Kweeder (inventor) declaration filed on August 8, 2005). Shear-thinning fluids 
(sometimes referred to as psedoplastic) are those fluids whose viscosity decreases with 
increasing shear-rate. Thixotropic fluids, conversely, are those whose viscosity decreases with 
time under constant shear rate. Oldshue's classic text (attached herein for immediate reference) 
on fluid mixing supports this distinction. 

Unfortunately, confusion has arisen on some of this terminology. The proper term for 
shear-thinning, pseudoplastic, has also come to mean a particular behavior of polymer melts (a 
Newtonian, non-Newtonian, and then again Newtonian viscosity). This ambiguity is nicely 
discussed in Holland. Consequently, the term shear-thinning has come to be used for the generic 
behavior of decreasing shear with increased shear rate. Examination of the Holland reference, 
particularly figures 1.20 and 1.21 (and the referencing text) illustrate the difference. Shear- 
thinnable refers to those liquids in which the viscosity decreases with increasing shear rate 
independent of time. Thixotropic, alternatively, describes a fluid in which the viscosity decreases 
with time while at constant shear-rate. While it is possible that a particular fluid be both 
thixotropic and shear-thinning (as illustrated in figure 1.21 of Holland), it is not required. A 
thixotropic viscosity can be independent of shear-rate (that is, Newtonian with respect to shear- 
rate but non-Newtonian with respect to time). 

Further, it is certainly apparent that shear is required to bring-forth the thixotropic 
behavior of those fluids. Consequently, those inadequately skilled in the art have from time to 
time used the terms interchangably. That usage — however - is grievously erroneous and has 
been discussed by the Applicants in several documents submitted already in the case. 

This lamentable ambiguity in terminology necessitates careful workers to define the 
meaning of their usage, as has been done in the current application. In this application, shear- 
thinning has been defined to mean decreasing viscosity with increasing shear-rate (see page 5, 
lines 33-35). Experimental evidence is also presented in the application to illustrate the meaning 
absolutely. 
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However, no such ambiguity exists with the term thixotropic. Thixotropic is defined 
strictly as time-dependent viscosity. While Hanke may chose to treat the terms "shear-thinnable" 
and "thixotropic" interchangeably, the Applicant continues to point out that engineering literature 
(typified by Holland and Oldshue) most definitely does not support that usage. 

Holland (and others) do point out that often thixotropic fluids are also shear-thinning 
(pseudoplastic) fluids. This common situation of time and shear-dependent viscosity gives rise 
to statements (like in Holland) of "in practice, thixotropic fluids are also shear-thinning". 
However, such statements do not guarantee that a thixotropic fluid is indeed shear-thinning. 
Further, such generalizations do not in any way change the definitions of the terms thusly 
erroneously rendering time-dependent and shear-dependent to mean the same thing. 

A consequence of equating time and shear-dependence is the contention that shear is 
shear. Nothing can be further from the truth. As previously discussed in the James Kweeder 
declaration, shear-thinning requires device design with an eye toward generating the necessary 
shear-rate to achieve the desired reduction in viscosity. Thixotropy, conversely, requires 
attention to the necessary time to achieve viscosity reduction. Of course, a device designed for a 
fluid that is both shear-thinning and thixotropic will need to address both needs. 

An excellent illustration of such sweeping over-extrapolation is the Examiner's analysis 
of Hoogendonk (US 3,083,406). In the examination, the assumption is made by the Examiner 
that since shear is being applied to the fluid at the roller-wall interface, consequently, the whole 
of the liquid volume is subjected to that shear and thusly capable of flowing under the centrifugal 
forces of the rotating prill cup. Implicit to that assumption is that the benefits of shear (argued as 
thixotropic by Hoogendonk) is realized throughout the system so long as it's available 
somewhere, anywhere in the system. 

Further, despite the casual statement by Hoogendonk, it is by no means obvious that its 
inventive device functions because of thixotropy. Indeed, the '406 inventive device is an 
improvement on a previous device (US 3,055,049 on which Hoogendonk is also an inventor), 
which relies on a non-roller implementation to keep the inner walls of the prilling device clean. 
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US 3,055,049 makes no claims nor arguments for the device advantageously modifying the fluid 
viscosity. Changing-out the fixed scraper for a roller-scraper does not modify the shear-mixing 
properties of the inventive device in any way. Consequently, the inventive device in US 
3,083,406 is likely to be functional for the same reason that the inventive device was functional 
in US 3,055,049. 

Further, as one skilled in the art and in light of definitively pressure-pumping devices 
disclosed in Frenken (US 3,988,398) and DE 2,355,660 (attached for immediate reference), one 
can argue that the inventive device in US 3,083,406 is functioning as a positive displacement, 
peristaltic pump that merely forces the reluctant fluid through the prilling orifice. Hoogendonk 
furthers enhances the positive displacement pump argument by then proposing pins on the rolling 
device to supplement peristaltic pumping action with a piston pumping action directly through 
the prilling orifice. 

In US 3,083,406, Hoogendonk makes exactly one reference to thixotropy providing 
neither reference, experimental data, nor examples to support that argument. Given the thin zone 
of shear (the clearance between the roller and the wall) and other arguments for operability (US 
3,055,049, US 3,988,398, DE 2,355,660), it is not obvious at all that thixotropy is responsible let 
alone that the inventive device is effective with shear-rate viscosity dependent fluids. 

The difference between shear-thinning and thixotropic necessitates different approaches 
to device design. While exploiting either behavior requires shearing the material, it does not 
follow that one device suitable for one behavior will necessarily function as anticipated with the 
other behavior. In particular, shear-thinning usually requires that a particular shear-rate be 
achieved to accomplish the targeted viscosity. Consequently, it is necessary to specify that 
adequate shear-rate by the combination of shear device geometry and device velocity. 
Thixotropy, conversely, requires that shear be maintained for a specified time period. A device 
designed for shear-thinning may not sustain shear sufficiently long to process a thixotropic 
material and a device designed for thixotropy may not achieve adequate shear to process a shear- 
thinning material. 
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Hoogendonk Reference 

Hoogendonk states in Column 1 5 lines 54-65 that: "In accordance with the present 
invention it has been found that prills of good quality can be obtained if the melt is sprayed from 
a reservoir which has a scraper arrangement including a rotary element rolling along the upright 
wall of the reservoir while the latter rotates. Owing to the rolling movement of the said element 
the inner wall of the reservoir remains clean and the spray openings do not become clogged. Due 
to the thixotropic properties of the melts to be sprayed, the shearing stresses produced by the 
rolling movement of the rotary element causes the melts to remain sufficiently fluid so that no 
solid material will deposit on the wall or in the spray openings." 

Hoogendonk also states in Column 1, lines 35-42 that: "It is therefore an object of the 
present invention to provide an improved prilling device which prevents clogging of the spray 
openings and which has a relatively long life. A further object of the present invention is to 
provide an improved prilling device which utilizes a rolling member for preventing clogging of 
the spray openings." The assertion that the melts are fluid as based on thixotropic properties 
should be questioned. It has been asserted in the Kweeder Declaration filed on August 2, 2005 
in this case that it may be the pressure created by the rollers, similar to the action of a positive 
peristaltic pump (see Exhibit B of this Declaration), causing the melts to prill easily over 
conventional methods used. In addition, if in fact the melts are fluid based on thixotropic 
properties, then the only part of the melt that is thixotropic is that part of the melt that is between 
the inner wall and the rollers. There is absolutely no teaching or suggestion in Hoogendonk that 
any portion of the remaining melt, such as that portion of the melt in the middle of the apparatus, 
is being swept by the rollers or thixotropic. 

Hoogendonk mentions thixotropic fluids briefly without any discussion on these types of 
fluids or the shear-rate and/or time requirements when working with thixotropic fluids. 
Hoogendonk also does not suggest to one of ordinary skill in the art that there might be some 
benefit to sweeping and/or agitating the entire liquid volume in the prill head to shear thin a 
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shear-thinnable mixture. If the agitator action of Hoogendonk does in fact work, it would be 
limited to the shear zone between the roller and the wall. The agitator action would not affect the 
entire liquid volume in the prill head. 

Hoogendonk discloses a prilling device with an integral "agitator" that is specifically 
configured to roll along the inside wall of the prilling device for the specific purpose of keeping 
the prilling orifices "clear". One embodiment includes pins on the rolling device to mechanically 
clear the holes, the other is silent in whether a smooth roller or something textured is used to 
enhance clearing, (see Column 1, lines 59-66) But there is no teaching or suggestion that there is 
any benefit to using rollers to agitate or sweep the entire liquid volume of the reservoir, as 
mentioned in claim 1 of the above-referenced patent application. 

Otsuka Reference 

The Examiner should remove Otsuka et al. as a 35 USC § 103(a) reference in this case. 
The Otsuka reference is filled with references to how difficult it is to take the molten materials 
described in Otsuka and process them by conventional prilling methods, including those that 
utilize agitators, (see Columns 5-6) Therefore, in order to combat the problems seen when 
incorporating the molten materials of Otsuka, Otsuka engineers using a series of mesh screens to 
break up and disperse the molten materials. After a fair reading of Otsuka, one of ordinary skill 
of the art would understand how to make molten materials containing nitrogen and potassium or 
phosphorus - but there is absolutely no suggestion or teaching that these molten compounds can 
be utilized by any conventional or modified prilling methods other than those described in the 
Otsuka reference, especially after reading Columns 5 and 6 of the reference. Therefore, 
combining this reference with another reference or references that describe prilling methods 
unlike those in Otsuka would be considered improper combination based on hindsight. The 
Applicant has respectfully requested that the Examiner review the Otsuka reference paying close 
attention to Columns 5 and 6 and withdraw this reference as a relevant reference in this matter. 
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Holland and Hanke References 

The Holland and Hanke references merely disclose thixotropic and shear-thinning materials. 
There doesn't appear to be anything in either the Holland reference or the Hanke reference that 
cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Frenken 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shear-thinnable mixture. 
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Issue No. 2 - §103 (a) Rejection of Claims 7-10 as applied to claims 1-6 
Claim 1 recites: 

"A method to prill a shear-thinnable mixture comprising the steps of: 

a) providing a molten first component; 

b) mixing at least a second component with said molten first component; 

c) reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate; 

d) mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by said 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence of a 
force selected from the group consisting of static pressure and centrifugal force. 



Thixotropic versus Shear-Thinnable 

The Examiner has contended throughout the prosecution of this application that the terms 
"thixotropic" and "shear-thinnable" mean the same thing and are interchangeable. The terms 
thixotropic and shear-thinnable, while related, are not interchangeable and not understood in the 
field to mean the same thing. 

Reference is made to Holland (1995) and Hanke (US 5,466,281) to support the assertion 
that thixotropic and shear-thinning are synonymous terms. The applicant strenuously continues 
to disagree with that assertion. Holland clearly defines the terms to be different (as expounded in 
the James Kweeder (inventor) declaration filed on August 8, 2005). Shear-thinning fluids 
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(sometimes referred to as psedoplastic) are those fluids whose viscosity decreases with 
increasing shear-rate. Thixotropic fluids, conversely, are those whose viscosity decreases with 
time under constant shear rate. Oldshue's classic text (attached herein for immediate reference) 
on fluid mixing supports this distinction. 

Unfortunately, confusion has arisen on some of this terminology. The proper term for 
shear-thinning, pseudoplastic, has also come to mean a particular behavior of polymer melts (a 
Newtonian, non-Newtonian, and then again Newtonian viscosity). This ambiguity is nicely 
discussed in Holland. Consequently, the term shear-thinning has come to be used for the generic 
behavior of decreasing shear with increased shear rate. Examination of the Holland reference, 
particularly figures 1.20 and 1.21 (and the referencing text) illustrate the difference. Shear- 
thinnable refers to those liquids in which the viscosity decreases with increasing shear rate 
independent of time. Thixotropic, alternatively, describes a fluid in which the viscosity decreases 
with time while at constant shear-rate. While it is possible that a particular fluid be both 
thixotropic and shear-thinning (as illustrated in figure 1.21 of Holland), it is not required. A 
thixotropic viscosity can be independent of shear-rate (that is, Newtonian with respect to shear- 
rate but non-Newtonian with respect to time). 

Further, it is certainly apparent that shear is required to bring-forth the thixotropic 
behavior of those fluids. Consequently, those inadequately skilled in the art have from time to 
time used the terms interchangably. That usage - however - is grievously erroneous and has 
been discussed by the Applicants in several documents submitted already in the case. 

This lamentable ambiguity in terminology necessitates careful workers to define the 
meaning of their usage, as has been done in the current application. In this application, shear- 
thinning has been defined to mean decreasing viscosity with increasing shear-rate (see page 5, 
lines 33-35). Experimental evidence is also presented in the application to illustrate the meaning 
absolutely. 

However, no such ambiguity exists with the term thixotropic. Thixotropic is defined 
strictly as time-dependent viscosity. While Hanke may chose to treat the terms "shear-thinnable" 
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and "thixotropic" interchangeably, the Applicant continues to point out that engineering literature 
(typified by Holland and Oldshue) most definitely does not support that usage. 

Holland (and others) do point out that often thixotropic fluids are also shear-thinning 
(pseudoplastic) fluids. This common situation of time and shear-dependent viscosity gives rise 
to statements (like in Holland) of "in practice, thixotropic fluids are also shear-thinning". 
However, such statements do not guarantee that a thixotropic fluid is indeed shear-thinning. 
Further, such generalizations do not in any way change the definitions of the terms thusly 
erroneously rendering time-dependent and shear-dependent to mean the same thing. 

A consequence of equating time and shear-dependence is the contention that shear is 
shear. Nothing can be further from the truth. As previously discussed in the James Kweeder 
declaration, shear-thinning requires device design with an eye toward generating the necessary 
shear-rate to achieve the desired reduction in viscosity. Thixotropy, conversely, requires 
attention to the necessary time to achieve viscosity reduction. Of course, a device designed for a 
fluid that is both shear-thinning and thixotropic will need to address both needs. 

An excellent illustration of such sweeping over-extrapolation is the Examiner's analysis 
of Hoogendonk (US 3,083,406). In the examination, the assumption is made by the Examiner 
that since shear is being applied to the fluid at the roller-wall interface, consequently, the whole 
of the liquid volume is subjected to that shear and thusly capable of flowing under the centrifugal 
forces of the rotating prill cup. Implicit to that assumption is that the benefits of shear (argued as 
thixotropic by Hoogendonk) is realized throughout the system so long as it's available 
somewhere, anywhere in the system. 

Further, despite the casual statement by Hoogendonk, it is by no means obvious that its 
inventive device functions because of thixotropy. Indeed, the '406 inventive device is an 
improvement on a previous device (US 3,055,049 on which Hoogendonk is also an inventor), 
which relies on a non-roller implementation to keep the inner walls of the prilling device clean. 
US 3,055,049 makes no claims nor arguments for the device advantageously modifying the fluid 
viscosity. Changing-out the fixed scraper for a roller-scraper does not modify the shear-mixing 
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properties of the inventive device in any way. Consequently, the inventive device in US 
3,083,406 is likely to be functional for the same reason that the inventive device was functional 
in US 3,055,049. 

Further, as one skilled in the art and in light of definitively pressure-pumping devices 
disclosed in Frenken (US 3,988,398) and DE 2,355,660 (attached for immediate reference), one 
can argue that the inventive device in US 3,083,406 is functioning as a positive displacement, 
peristaltic pump that merely forces the reluctant fluid through the prilling orifice. Hoogendonk 
furthers enhances the positive displacement pump argument by then proposing pins on the rolling 
device to supplement peristaltic pumping action with a piston pumping action directly through 
the prilling orifice. 

In US 3,083,406, Hoogendonk makes exactly one reference to thixotropy providing 
neither reference, experimental data, nor examples to support that argument. Given the thin zone 
of shear (the clearance between the roller and the wall) and other arguments for operability (US 
3,055,049, US 3,988,398, DE 2,355,660), it is not obvious at all that thixotropy is responsible let 
alone that the inventive device is effective with shear-rate viscosity dependent fluids. 

The difference between shear- thinning and thixotropic necessitates different approaches 
to device design. While exploiting either behavior requires shearing the material, it does not 
follow that one device suitable for one behavior will necessarily function as anticipated with the 
other behavior. In particular, shear-thinning usually requires that a particular shear-rate be 
achieved to accomplish the targeted viscosity. Consequently, it is necessary to specify that 
adequate shear-rate by the combination of shear device geometry and device velocity. 
Thixotropy, conversely, requires that shear be maintained for a specified time period. A device 
designed for shear-thinning may not sustain shear sufficiently long to process a thixotropic 
material and a device designed for thixotropy may not achieve adequate shear to process a shear- 
thinning material. 
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Hoo2endonk Reference 

Hoogendonk states in Column 1, lines 54-65 that: "In accordance with the present 
invention it has been found that prills of good quality can be obtained if the melt is sprayed from 
a reservoir which has a scraper arrangement including a rotary element rolling along the upright 
wall of the reservoir while the latter rotates. Owing to the rolling movement of the said element 
the inner wall of the reservoir remains clean and the spray openings do not become clogged. Due 
to the thixotropic properties" of the melts to be sprayed, the shearing stresses produced by the 
rolling movement of the rotary element causes the melts to remain sufficiently fluid so that no 
solid material will deposit on the~wall or in the spray openings." 

Hoogendonk also states in Column 1, lines 35-42 that: "It is therefore an object of the 
present invention to provide an improved prilling device which prevents clogging of the spray 
openings and which has a relatively long life. A further object of the present invention is to 
provide an improved prilling device which utilizes a rolling member for preventing clogging of 
the spray openings." The assertion that the melts are fluid as based on thixotropic properties 
should be questioned. It has been asserted in the Kweeder Declaration filed on August 2, 2005 
in this case that it may be the pressure created by the rollers, similar to the action of a positive 
peristaltic pump (see Exhibit B of this Declaration), causing the melts to prill easily over 
conventional methods used. In addition, if in fact the melts are fluid based on thixotropic 
properties, then the only part of the melt that is thixotropic is that part of the melt that is between 
the inner wall and the rollers. There is absolutely no teaching or suggestion in Hoogendonk that 
any portion of the remaining melt, such as that portion of the melt in the middle of the apparatus, 
is being swept by the rollers or thixotropic. 

Hoogendonk mentions thixotropic fluids briefly without any discussion on these types of 
fluids or the shear-rate and/or time requirements when working with thixotropic fluids. 
Hoogendonk also does not suggest to one of ordinary skill in the art that there might be some 
benefit to sweeping and/or agitating the entire liquid volume in the prill head to shear-thin a 
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shear-thinnable mixture. If the agitator action of Hoogendonk does in fact work, it would be 
limited to the shear zone between the roller and the wall. The agitator action would not affect the 
entire liquid volume in the prill head. 

Hoogendonk discloses a prilling device with an integral "agitator" that is specifically 
configured to roll along the inside wall of the prilling device for the specific purpose of keeping 
the prilling orifices "clear". One embodiment includes pins on the rolling device to mechanically 
clear the holes, the other is silent in whether a smooth roller or something textured is used to 
enhance clearing, (see Column 1, lines 59-66) But there is no teaching or suggestion that there is 
any benefit to using rollers to agitate or sweep the entire liquid volume of the reservoir, as 
mentioned in claim 1 of the above-referenced patent application. 

Frenken Reference 

The Frenken device includes a pump impeller with the specific purpose of raising the 
interior fluid pressure and forcing the melt to flow through the holes. The above-referenced 
patent application very specifically states that they prill through a combination of static and/or 
centrifugal pressure and not via pressurization. 

The Frenken reference, like the Hoogendonk reference, is not placing any importance or 
critical embodiment on sweeping and/or agitating essentially the entire liquid volume in the 
reservoir to shear-thin a shear-thinnable liquid. In Column 2 of the reference, lines 14-23, it is 
explicitly stated that the distance from the inner wall of the reservoir to the ends of the blades is 
not critical . 

As a comparison, DE 2355660 teaches a cylindrical chamber with stirring blades, similar 
to that described in Frenken. However, the DE 2355660 points out that modifying the 
configuration of the chamber to be similar to the one described in the above-mentioned patent 
application would result in thickening, clogging of the prill holes, nonuniform product, large 
fraction of reject course grains and occasional large agglomerates that did not solidify in the prill 
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tower. Therefore, DE 2355660 teaches away from modifying the device in Frenken to arrive at 
the apparatus disclosed in the present application. 

Otsuka Reference 

The Examiner should remove Otsuka et al. as a 35 USC § 103(a) reference in this case. 
The Otsuka reference is filled with references to how difficult it is to take the molten materials 
described in Otsuka and process them by conventional prilling methods, including those that 
utilize agitators, (see Columns 5-6) Therefore, in order to combat the problems seen when 
incorporating the molten materials of Otsuka, Otsuka engineers using a series of mesh screens to 
break up and disperse the molten materials. After a fair reading of Otsuka, one of ordinary skill 
of the art would understand how to make molten materials containing nitrogen and potassium or 
phosphorus - but there is absolutely no suggestion or teaching that these molten compounds can 
be utilized by any conventional or modified prilling methods other than those described in the 
Otsuka reference, especially after reading Columns 5 and 6 of the reference. Therefore, 
combining this reference with another reference or references that describe prilling methods 
unlike those in Otsuka would be considered improper combination based on hindsight. The 
Applicant has respectfully requested that the Examiner review the Otsuka reference paying close 
attention to Columns 5 and 6 and withdraw this reference as a relevant reference in this matter. 

Holland and Hanke References 

The Holland and Hanke references merely disclose thixotropic and shear-thinning materials. 
There doesn't appear to be anything in either the Holland reference or the Hanke reference that 
cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Frenken 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shear-thinnable mixture. 
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Issue No. 3 - §103 (a) Rejection of Claim 15 

Claim 1 recites: 

"A method to prill a shear-thinnable mixture comprising the steps of: 

a) providing a molten first component; 

b) mixing at least a second component with said molten first component; 

c) reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate; 

d) mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by said 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence of a 
force selected from the group consisting of static pressure and centrifugal force. 



Thixotropic versus Shear-Thinnable 

The Examiner has contended throughout the prosecution of this application that the terms 
"thixotropic" and "shear-thinnable" mean the same thing and are interchangeable. The terms 
thixotropic and shear-thinnable, while related, are not interchangeable and not understood in the 
field to mean the same thing. 

Reference is made to Holland (1995) and Hanke (US 5,466,281) to support the assertion 
that thixotropic and shear-thinning are synonymous terms. The applicant strenuously continues 
to disagree with that assertion. Holland clearly defines the terms to be different (as expounded in 
the James Kweeder (inventor) declaration filed on August 8, 2005). Shear-thinning fluids 
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(sometimes referred to as psedoplastic) are those fluids whose viscosity decreases with 
increasing shear-rate. Thixotropic fluids, conversely, are those whose viscosity decreases with 
time under constant shear rate. Oldshue's classic text (attached herein for immediate reference) 
on fluid mixing supports this distinction. 

Unfortunately, confusion has arisen on some of this terminology. The proper term for 
shear-thinning, pseudoplastic, has also come to mean a particular behavior of polymer melts (a 
Newtonian, non-Newtonian, and then again Newtonian viscosity). This ambiguity is nicely 
discussed in Holland. Consequently, the term shear-thinning has come to be used for the generic 
behavior of decreasing shear with increased shear rate. Examination of the Holland reference, 
particularly figures 1.20 and 1.21 (and the referencing text) illustrate the difference. Shear- 
thinnable refers to those liquids in which the viscosity decreases with increasing shear rate 
independent of time. Thixotropic, alternatively, describes a fluid in which the viscosity decreases 
with time while at constant shear-rate. While it is possible that a particular fluid be both 
thixotropic and shear-thinning (as illustrated in figure 1.21 of Holland), it is not required. A 
thixotropic viscosity can be independent of shear-rate (that is, Newtonian with respect to shear- 
rate but non-Newtonian with respect to time). 

Further, it is certainly apparent that shear is required to bring-forth the thixotropic 
behavior of those fluids. Consequently, those inadequately skilled in the art have from time to 
time used the terms interchangably. That usage - however - is grievously erroneous and has 
been discussed by the Applicants in several documents submitted already in the case. 

This lamentable ambiguity in terminology necessitates careful workers to define the 
meaning of their usage, as has been done in the current application. In this application, shear- 
thinning has been defined to mean decreasing viscosity with increasing shear-rate (see page 5, 
lines 33-35). Experimental evidence is also presented in the application to illustrate the meaning 
absolutely. 

However, no such ambiguity exists with the term thixotropic. Thixotropic is defined 
strictly as time-dependent viscosity. While Hanke may chose to treat the terms "shear-thinnable" 
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and "thixotropic" interchangeably, the Applicant continues to point out that engineering literature 
(typified by Holland and Oldshue) most definitely does not support that usage. 

Holland (and others) do point out that often thixotropic fluids are also shear-thinning 
(pseudoplastic) fluids. This common situation of time and shear-dependent viscosity gives rise 
to statements (like in Holland) of "in practice, thixotropic fluids are also shear-thinning". 
However, such statements do not guarantee that a thixotropic fluid is indeed shear-thinning. 
Further, such generalizations do not in any way change the definitions of the terms thusly 
erroneously rendering time-dependent and shear-dependent to mean the same thing. 

A consequence of equating time and shear-dependence is the contention that shear is 
shear. Nothing can be further from the truth. As previously discussed in the James Kweeder 
declaration, shear-thinning requires device design with an eye toward generating the necessary 
shear-rate to achieve the desired reduction in viscosity. Thixotropy, conversely, requires 
attention to the necessary time to achieve viscosity reduction. Of course, a device designed for a 
fluid that is both shear-thinning and thixotropic will need to address both needs. 

An excellent illustration of such sweeping over-extrapolation is the Examiner's analysis 
of Hoogendonk (US 3,083,406). In the examination, the assumption is made by the Examiner 
that since shear is being applied to the fluid at the roller-wall interface, consequently, the whole 
of the liquid volume is subjected to that shear and thusly capable of flowing under the centrifugal 
forces of the rotating prill cup. Implicit to that assumption is that the benefits of shear (argued as 
thixotropic by Hoogendonk) is realized throughout the system so long as it's available 
somewhere, anywhere in the system. 

Further, despite the casual statement by Hoogendonk, it is by no means obvious that its 
inventive device functions because of thixotropy. Indeed, the 4 406 inventive device is an 
improvement on a previous device (US 3,055,049 on which Hoogendonk is also an inventor), 
which relies on a non-roller implementation to keep the inner walls of the prilling device clean. 
US 3,055,049 makes no claims nor arguments for the device advantageously modifying the fluid 
viscosity. Changing-out the fixed scraper for a roller-scraper does not modify the shear-mixing 
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properties of the inventive device in any way. Consequently, the inventive device in US 
3,083,406 is likely to be functional for the same reason that the inventive device was functional 
in US 3,055,049. 

Further, as one skilled in the art and in light of definitively pressure-pumping devices 
disclosed in Frenken (US 3,988,398) and DE 2,355,660 (attached for immediate reference), one 
can argue that the inventive device in US 3,083,406 is functioning as a positive displacement, 
peristaltic pump that merely forces the reluctant fluid through the prilling orifice. Hoogendonk 
furthers enhances the positive displacement pump argument by then proposing pins on the rolling 
device to supplement peristaltic pumping action with a piston pumping action directly through 
the prilling orifice. 

In US 3,083,406, Hoogendonk makes exactly one reference to thixotropy providing 
neither reference, experimental data, nor examples to support that argument. Given the thin zone 
of shear (the clearance between the roller and the wall) and other arguments for operability (US 
3,055,049, US 3,988,398, DE 2,355,660), it is not obvious at all that thixotropy is responsible let 
alone that the inventive device is effective with shear-rate viscosity dependent fluids. 

The difference between shear-thinning and thixotropic necessitates different approaches 
to device design. While exploiting either behavior requires shearing the material, it does not 
follow that one device suitable for one behavior will necessarily function as anticipated with the 
other behavior. In particular, shear-thinning usually requires that a particular shear-rate be 
achieved to accomplish the targeted viscosity. Consequently, it is necessary to specify that 
adequate shear-rate by the combination of shear device geometry and device velocity. 
Thixotropy, conversely, requires that shear be maintained for a specified time period. A device 
designed for shear-thinning may not sustain shear sufficiently long to process a thixotropic 
material and a device designed for thixotropy may not achieve adequate shear to process a shear- 
thinning material. 
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Hoogendonk Reference 

Hoogendonk states in Column 1, lines 54-65 that: "In accordance with the present 
invention it has been found that prills of good quality can be obtained if the melt is sprayed from 
a reservoir which has a scraper arrangement including a rotary element rolling along the upright 
wall of the reservoir while the latter rotates. Owing to the rolling movement of the said element 
the inner wall of the reservoir remains clean and the spray openings do not become clogged. Due 
to the thixotropic properties of the melts to be sprayed, the shearing stresses produced by the 
rolling movement of the rotary element causes the melts to remain sufficiently fluid so that no 
solid material will deposit on the wall or in the spray openings." 

Hoogendonk also states in Column 1, lines 35-42 that: "It is therefore an object of the 
present invention to provide an improved prilling device which prevents clogging of the spray 
openings and which has a relatively long life. A further object of the present invention is to 
provide an improved prilling device which utilizes a rolling member for preventing clogging of 
the spray openings." The assertion that the melts are fluid as based on thixotropic properties 
should be questioned. It has been asserted in the Kweeder Declaration filed on August 2, 2005 
in this case that it may be the pressure created by the rollers, similar to the action of a positive 
peristaltic pump (see Exhibit B of this Declaration), causing the melts to prill easily over 
conventional methods used. In addition, if in fact the melts are fluid based on thixotropic 
properties, then the only part of the melt that is thixotropic is that part of the melt that is between 
the inner wall and the rollers. There is absolutely no teaching or suggestion in Hoogendonk that 
any portion of the remaining melt, such as that portion of the melt in the middle of the apparatus, 
is being swept by the rollers or thixotropic. 

Hoogendonk mentions thixotropic fluids briefly without any discussion on these types of 
fluids or the shear-rate and/or time requirements when working with thixotropic fluids. 
Hoogendonk also does not suggest to one of ordinary skill in the art that there might be some 
benefit to sweeping and/or agitating the entire liquid volume in the prill head to shear-thin a 
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shear-thinnable mixture. If the agitator action of Hoogendonk does in fact work, it would be 
limited to the shear zone between the roller and the wall. The agitator action would not affect the 
entire liquid volume in the prill head. 

Hoogendonk discloses a prilling device with an integral "agitator" that is specifically 
configured to roll along the inside wall of the prilling device for the specific purpose of keeping 
the prilling orifices "clear". One embodiment includes pins on the rolling device to mechanically 
clear the holes, the other is silent in whether a smooth roller or something textured is used to 
enhance clearing, (see Column 1, lines 59-66) But there is no teaching or suggestion that there is 
any benefit to using rollers to agitate or sweep the entire liquid volume of the reservoir, as 
mentioned in claim 1 of the above-referenced patent application. 

Otsuka Reference 

The Examiner should remove Otsuka et al. as a 35 USC §103(a) reference in this case. 
The Otsuka reference is filled with references to how difficult it is to take the molten materials 
described in Otsuka and process them by conventional prilling methods, including those that 
utilize agitators, (see Columns 5-6) Therefore, in order to combat the problems seen when 
incorporating the molten materials of Otsuka, Otsuka engineers using a series of mesh screens to 
break up and disperse the molten materials. After a fair reading of Otsuka, one of ordinary skill 
of the art would understand how to make molten materials containing nitrogen and potassium or 
phosphorus - but there is absolutely no suggestion or teaching that these molten compounds can 
be utilized by any conventional or modified prilling methods other than those described in the 
Otsuka reference, especially after reading Columns 5 and 6 of the reference. Therefore, 
combining this reference with another reference or references that describe prilling methods 
unlike those in Otsuka would be considered improper combination based on hindsight. The 
Applicant has respectfully requested that the Examiner review the Otsuka reference paying close 
attention to Columns 5 and 6 and withdraw this reference as a relevant reference in this matter. 
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Holland and Hanke References 

The Holland and Hanke references merely disclose thixotropic and shear-thinning materials. 
There doesn't appear to be anything in either the Holland reference or the Hanke reference that 
cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Frenken 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shear-thinnable mixture. 

Bassetti Reference 

The Bassetti reference discloses ammonium nitrate fertilizers and mixtures. There doesn't 
appear to be anything in the Bassetti reference that cures the deficiencies of the Otsaka reference, 
the Hoogendonk reference or the Frenken reference, in combination with one or all of them, that 
would lead someone in the field of fertilizer chemistry and fertilizer production to prill a shear- 
thinnable mixture. 
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Issue No. 4 - §103 (a) Rejection of Claims 16-17 
Claim 1 recites: 

"A method to prill a shear-thinnable mixture comprising the steps of: 

a) providing a molten first component; 

b) mixing at least a second component with said molten first component; 

c) reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate; 

d) mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by said 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence of a 
force selected from the group consisting of static pressure and centrifugal force. 

Thixotropic versus Shear-Thinnable 

The Examiner has contended throughout the prosecution of this application that the terms 
"thixotropic" and "shear-thinnable" mean the same thing and are interchangeable. The terms 
thixotropic and shear-thinnable, while related, are not interchangeable and not understood in the 
field to mean the same thing. 

Reference is made to Holland (1995) and Hanke (US 5,466,281) to support the assertion 
that thixotropic and shear-thinning are synonymous terms. The applicant strenuously continues 
to disagree with that assertion. Holland clearly defines the terms to be different (as expounded in 
the James Kweeder (inventor) declaration filed on August 8, 2005). Shear-thinning fluids 
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(sometimes referred to as psedoplastic) are those fluids whose viscosity decreases with 
increasing shear-rate. Thixotropic fluids, conversely, are those whose viscosity decreases with 
time under constant shear rate. Oldshue's classic text (attached herein for immediate reference) 
on fluid mixing supports this distinction. 

Unfortunately, confusion has arisen on some of this terminology. The proper term for 
shear-thinning, pseudoplastic, has also come to mean a particular behavior of polymer melts (a 
Newtonian, non-Newtonian, and then again Newtonian viscosity). This ambiguity is nicely 
discussed in Holland. Consequently, the term shear-thinning has come to be used for the generic 
behavior of decreasing shear with increased shear rate. Examination of the Holland reference, 
particularly figures 1.20 and 1.21 (and the referencing text) illustrate the difference. Shear- 
thinnable refers to those liquids in which the viscosity decreases with increasing shear rate 
independent of time. Thixotropic, alternatively, describes a fluid in which the viscosity decreases 
with time while at constant shear-rate. While it is possible that a particular fluid be both 
thixotropic and shear-thinning (as illustrated in figure 1.21 of Holland), it is not required. A 
thixotropic viscosity can be independent of shear-rate (that is, Newtonian with respect to shear- 
rate but non-Newtonian with respect to time). 

Further, it is certainly apparent that shear is required to bring-forth the thixotropic 
behavior of those fluids. Consequently, those inadequately skilled in the art have from time to 
time used the terms interchangably. That usage — however - is grievously erroneous and has 
been discussed by the Applicants in several documents submitted already in the case. 

This lamentable ambiguity in terminology necessitates careful workers to define the 
meaning of their usage, as has been done in the current application. In this application, shear- 
thinning has been defined to mean decreasing viscosity with increasing shear-rate (see page 5, 
lines 33-35). Experimental evidence is also presented in the application to illustrate the meaning 
absolutely. 

However, no such ambiguity exists with the term thixotropic. Thixotropic is defined 
strictly as time-dependent viscosity. While Hanke may chose to treat the terms "shear-thinnable" 
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and "thixotropic" interchangeably, the Applicant continues to point out that engineering literature 
(typified by Holland and Oldshue) most definitely does not support that usage. 

Holland (and others) do point out that often thixotropic fluids are also shear-thinning 
(pseudoplastic) fluids. This common situation of time and shear-dependent viscosity gives rise 
to statements (like in Holland) of "in practice, thixotropic fluids are also shear-thinning". 
However, such statements do not guarantee that a thixotropic fluid is indeed shear-thinning. 
Further, such generalizations do not in any way change the definitions of the terms thusly 
erroneously rendering time-dependent and shear-dependent to mean the same thing. 

A consequence of equating time and shear-dependence is the contention that shear is 
shear. Nothing can be further from the truth. As previously discussed in the James Kweeder 
declaration, shear-thinning requires device design with an eye toward generating the necessary 
shear-rate to achieve the desired reduction in viscosity. Thixotropy, conversely, requires 
attention to the necessary time to achieve viscosity reduction. Of course, a device designed for a 
fluid that is both shear-thinning and thixotropic will need to address both needs. 

An excellent illustration of such sweeping over-extrapolation is the Examiner's analysis 
of Hoogendonk (US 3,083,406). In the examination, the assumption is made by the Examiner 
that since shear is being applied to the fluid at the roller-wall interface, consequently, the whole 
of the liquid volume is subjected to that shear and thusly capable of flowing under the centrifugal 
forces of the rotating prill cup. Implicit to that assumption is that the benefits of shear (argued as 
thixotropic by Hoogendonk) is realized throughout the system so long as it's available 
somewhere, anywhere in the system. 

Further, despite the casual statement by Hoogendonk, it is by no means obvious that its 
inventive device functions because of thixotropy. Indeed, the '406 inventive device is an 
improvement on a previous device (US 3,055,049 on which Hoogendonk is also an inventor), 
which relies on a non-roller implementation to keep the inner walls of the prilling device clean. 
US 3,055,049 makes no claims nor arguments for the device advantageously modifying the fluid 
viscosity. Changing-out the fixed scraper for a roller-scraper does not modify the shear-mixing 
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properties of the inventive device in any way. Consequently, the inventive device in US 
3,083,406 is likely to be functional for the same reason that the inventive device was functional 
in US 3,055,049. 

Further, as one skilled in the art and in light of definitively pressure-pumping devices 
disclosed in Frenken (US 3,988,398) and DE 2,355,660 (attached for immediate reference), one 
can argue that the inventive device in US 3,083,406 is functioning as a positive displacement, 
peristaltic pump that merely forces the reluctant fluid through the prilling orifice. Hoogendonk 
furthers enhances the positive displacement pump argument by then proposing pins on the rolling 
device to supplement peristaltic pumping action with a piston pumping action directly through 
the prilling orifice. 

In US 3,083,406, Hoogendonk makes exactly one reference to thixotropy providing 
neither reference, experimental data, nor examples to support that argument. Given the thin zone 
of shear (the clearance between the roller and the wall) and other arguments for operability (US 
3,055,049, US 3,988,398, DE 2,355,660), it is not obvious at all that thixotropy is responsible let 
alone that the inventive device is effective with shear-rate viscosity dependent fluids. 

The difference between shear-thinning and thixotropic necessitates different approaches 
to device design. While exploiting either behavior requires shearing the material, it does not 
follow that one device suitable for one behavior will necessarily function as anticipated with the 
other behavior. In particular, shear-thinning usually requires that a particular shear-rate be 
achieved to accomplish the targeted viscosity. Consequently, it is necessary to specify that 
adequate shear-rate by the combination of shear device geometry and device velocity. 
Thixotropy, conversely, requires that shear be maintained for a specified time period. A device 
designed for shear-thinning may not sustain shear sufficiently long to process a thixotropic 
material and a device designed for thixotropy may not achieve adequate shear to process a shear- 
thinning material. 
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Hoogendonk Reference 

Hoogendonk states in Column 1, lines 54-65 that: "In accordance with the present 
invention it has been found that prills of good quality can be obtained if the melt is sprayed from 
a reservoir which has a scraper arrangement including a rotary element rolling along the upright 
wall of the reservoir while the latter rotates. Owing to the rolling movement of the said element 
the inner wall of the reservoir remains clean and the spray openings do not become clogged. Due 
to the thixotropic properties of the melts to be sprayed, the shearing stresses produced by the 
rolling movement of the rotary element causes the melts to remain sufficiently fluid so that no 
solid material will deposit on the wall or in the spray openings." 

Hoogendonk also states in Column 1, lines 35-42 that: "It is therefore an object of the 
present invention to provide an improved prilling device which prevents clogging of the spray 
openings and which has a relatively long life. A further object of the present invention is to 
provide an improved prilling device which utilizes a rolling member for preventing clogging of 
the spray openings." The assertion that the melts are fluid as based on thixotropic properties 
should be questioned. It has been asserted in the Kweeder Declaration filed on August 2, 2005 
in this case that it may be the pressure created by the rollers, similar to the action of a positive 
peristaltic pump (see Exhibit B of this Declaration), causing the melts to prill easily over 
conventional methods used. In addition, if in fact the melts are fluid based on thixotropic 
properties, then the only part of the melt that is thixotropic is that part of the melt that is between 
the inner wall and the rollers. There is absolutely no teaching or suggestion in Hoogendonk that 
any portion of the remaining melt, such as that portion of the melt in the middle of the apparatus, 
is being swept by the rollers or thixotropic. 

Hoogendonk mentions thixotropic fluids briefly without any discussion on these types of 
fluids or the shear-rate and/or time requirements when working with thixotropic fluids. 
Hoogendonk also does not suggest to one of ordinary skill in the art that there might be some 
benefit to sweeping and/or agitating the entire liquid volume in the prill head to shear-thin a 
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shear-thinnable mixture. If the agitator action of Hoogendonk does in fact work, it would be 
limited to the shear zone between the roller and the wall. The agitator action would not affect the 
entire liquid volume in the prill head. 

Hoogendonk discloses a prilling device with an integral "agitator" that is specifically 
configured to roll along the inside wall of the prilling device for the specific purpose of keeping 
the prilling orifices "clear". One embodiment includes pins on the rolling device to mechanically 
clear the holes, the other is silent in whether a smooth roller or something textured is used to 
enhance clearing, (see Column 1, lines 59-66) But there is no teaching or suggestion that there is 
any benefit to using rollers to agitate or sweep the entire liquid volume of the reservoir, as 
mentioned in claim 1 of the above-referenced patent application. 



Otsuka Reference 



The Examiner should remove Otsuka et al. as a 35 USC § 103(a) reference in this case. 
The Otsuka reference is filled with references to how difficult it is to take the molten materials 
described in Otsuka and process them by conventional prilling methods, including those that 
utilize agitators, (see Columns 5-6) Therefore, in order to combat the problems seen when 
incorporating the molten materials of Otsuka, Otsuka engineers using a series of mesh screens to 
break up and disperse the molten materials. After a fair reading of Otsuka, one of ordinary skill 
of the art would understand how to make molten materials containing nitrogen and potassium or 
phosphorus - but there is absolutely no suggestion or teaching that these molten compounds can 
be utilized by any conventional or modified prilling methods other than those described in the 
Otsuka reference, especially after reading Columns 5 and 6 of the reference. Therefore, 
combining this reference with another reference or references that describe prilling methods 
unlike those in Otsuka would be considered improper combination based on hindsight. The 
Applicant has respectfully requested that the Examiner review the Otsuka reference paying close 
attention to Columns 5 and 6 and withdraw this reference as a relevant reference in this matter. 
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Holland and Hanke References 



The Holland and Hanke references merely disclose thixotropic and shear-thinning materials. 
There doesn't appear to be anything in either the Holland reference or the Hanke reference that 
cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Frenken 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shear-thinnable mixture. 



The Stengel reference discloses ammonium nitrate fertilizers and mixtures. There doesn't 
appear to be anything in the Stengel reference that cures the deficiencies of the Otsaka reference, 
the Hoogendonk reference or the Frenken reference, in combination with one or all of them, that 
would lead someone in the field of fertilizer chemistry and fertilizer production to prill a shear- 
thinnable mixture. 



Stengel Reference 



Respectfully submitted, 





JSandra P. Thompson, PhD, Esq. 
Reg. No. 46,264 

E-mail: sthompson@buchalter.com 



Direct Line: 949-224-6282 



Attorneys for Applicants): 

1 8400 Von Karman Ave. 
Suite 800, Irvine, CA 92612 
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Appendix of Pending Claims 

1 . (Previously Presented) A method to prill a shear-thinnable mixture comprising the steps 
of: 

a) providing a molten first component; 

b) mixing at least a second component with said molten first component; 

c) reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate; 

d) mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by said 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence of a 
force selected from the group consisting of static pressure and centrifugal force. 

2. (Original) The method according to claim 1 wherein said shear-thinnable mixture is a 
melt slurry. 

3. (Previously Presented) The method according to claim 1 wherein said first component is 
ammonium nitrate and said second component is ammonium sulfate. 

4. (Original) The method according to claim 1 wherein said shear-thinnable mixture 
comprises no more than about 2 weight percent water. 

5. (Original) The method according to claim 3 wherein said shear-thinnable mixture further 
comprises micronutrients. 
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6. (Original) The method according to claim 1 wherein said prill head is one of a rotating 
bucket with a stationary blade, a stationary bucket with rotating scrappers and blades, and 
an agitated pressurized nozzle assembly. 

7. (Previously Presented) The method according to claim 1 wherein said prill head is wiped 
with surface-wiping blades. 

8. (Previously Presented) The method according to claim 7 wherein said first component is 
ammonium nitrate and said second component is ammonium sulfate. 

9. (Original) The method according to claim 7 wherein said shear-thinnable mixture 
comprises no more than about 2 weight percent water. 

10. (Original) The method according to claim 7 wherein said shear-thinnable mixture further 
comprises micronutrients. 

Claims 11-14: Cancelled. 

15. (Previously Presented) The prilling method according to either claim 3 or claim 8, 
wherein the reaction time is about 10 minutes to about 15 minutes. 

16. (Previously Presented) The prilling method according to either claim 3 or claim 8, 
wherein the reaction temperature is at least about 180°C to about 200°C. 

1 7. (Previously Presented) The prilling method according to either claim 3 or claim 8, 
wherein the ammonium nitrate and the ammonium sulfate are present in equimolar 
amounts. 
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Evidence Appendix 

The attached Evidence was previously presented during prosecution of this case and is herein 
presented in this Appeal Brief: 

Oldshue, James Y., Fluid Mixing Technology, Chemical Engineering (1983). Referred to first 
on page 6 of the Appeal Brief and admitted by the Examiner during prosecution. 

DE 2355660, referred to on page 8 of the Appeal Brief and admitted by the Examiner during 
prosecution. 

Declaration of James Kweeder, dated July 28, 2005 and admitted by the Examiner during 
prosecution (10/27/2005 Paper from Examiner). 
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CHAPTER 

FIFTEEN 



VISCOUS MATERIALS AND NONNEWTONIAN 

BLENDING 



INTRODUCTION 

This chapter is concerned with high-viscosity blending of newtonian and nonnewtonian 
materials in the range of approximately 50,000 to 1 million cP (50 to 1000 Pa* sec) 
when measured at 5 see - 1 shear rate. It is also concerned with nonnewtonian materials 
in the intermediate range of 5000 to 50,000 cP (5 to 50 Pa-sec). 

The definitions for high- or intermediate-viscosity ranges depend, to some extent, 
on scale. Since Reynolds number is a better measure of viscosity in the laminar range 
and part of the transitional range, the preceding definitions are appropriate for full- 
scale vessels 6 ft (1.8 m) or larger in diameter. For smaller vessels or pilot-plant 
equipment the definitions for both the high- and intermediate-viscosity ranges could 
easily be reduced by a factor of 10. 

NONNEWTONIAN MATERIALS 

Table 15-1 compares newtonian fluids with four types of nonnewtonian fluids. A fifth 
type, Bingham plastic, requires a minimum shear stress before any flow will occur in 
the material (Fig. 15-1). 

Referring again to Table 15-1, there are two types of nonnewtonian behavior 
associated with shear rate. A dilatant material is one in which viscosity increases with 
shear rate (e.g., various concentrations of starch slurries exhibit this property). If 
viscosity decreases with shear rate, the material is pseudoplastic. This is the most 
common type of nonnewtonian fluid found in mixing applications. 
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Table 15-1 Definitions of nonnewtonian fluid 
behavior 



Effect on viscosity \l of 



Definition 


Time increase 


Shear rate increase 


Newtonian 


No effect 


No effect 


Nonnewtonian 






Pseudoplastic 


No effect 


Decrease 


Dilatant 


No effect 


Increase 


Thixotropic 


Decrease 


No effect 


Rheopectic 


Increase 


No effect 



Other kinds of nonnewtonian fluids are those which exhibit a change in viscosity 
with time at constant shear rate. If the viscosity increases with time, the material is 
rheopectic. If the viscosity decreases with time, the material is thixotropic. There are 
some popular terminologies that use the term thixotropic to refer to almost any non- 
newtonian behavior. In this book, we use the separate terms thixotropic and 
pseudoplastic when referring to both time dependence and shear rate dependence. 

Still another nonnewtonian behavior is called "viscoelastic." This is the property 
of developing flow normal to the major shear stress. Many materials that are 




Figure 15-1 Shear stress vs shear rate for newtonian and nonnewtonian fluids. 
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The invention concerns a method for the "prilling" of simple or mixed fertilizer, which 
mainly contains ammonium nitrate and its compounds, such as 20.5%, 26%, and 33% N and a 



mixture of ammonium sulfate and nitrate. Furthermore, the invention concerns an apparatus for 
the carrying out of this method in plants with prilling towers. 

The "prilling" of fertilizers, such as ammonium nitrate and urea in prilling towers, can be 
carried out in different ways — using mouthpieces (nozzles), rotary baskets, and prilling disks. 

The first two possibilities, in which the product is thrown into the tower with a circular 
movement, require very large dimensions, so that the product does not strike the tower walls, 
under the effect of the centrifugal force. With the last-mentioned method, smaller towers can be 
used, because the product exits vertically. Herein lies one advantage of this method, since lower 
costs are generated. However, the mode of operation of these towers with the last-mentioned 
method involves a large number of problems-essentially in connection with those plants which 
produce mixed fertilizer with a low nitrogen content (20,5% to 27% N -ammonium nitrate 
limestone and a mixture of ammonium sulfate and nitrate), wherein additional solid, finely 
distributed nutrients are included in the suspension to be prilled 

For example, the scatter openings of the prilling disk on the tower head tend to become 
clogged, wherein the plant has to be shut down, in order to wash and clean the scatter openings. 
Since, on the other hand, the supply vessel of the prilling disk is so large, it must be insulated and 
heated, in order to maintain the suspension in the best operating conditions for the prilling disk. 
Furthermore, the fertilizer tends to adhere to the side walls of the supply vessel, since the 
suspension is hurled against the walls by the movements of the stirrer. In this way, solid sludge 
agglomerates are formed within the vessel, which fall down and clog the scatter openings. Also 
the great height of I - 1.15 m (40-45") requires the use of a stirrer with a very long, cantilever 
shaft, which causes considerable mechanical problems and leads to a very low work output. 

As is known, many attempts have been undertaken to improve the operating conditions of 
such plants. It has not been possible thereby to prolong the operating times of the plants and to 
avoid their shutdowns. The reason for the failure of these attempts lies in the fact that two or 
three vessels are located on the prilling tower head, wherein one or two of these vessels serve as 
replacement vessels, which are cleaned and maintained, while another one is in operation. 
However, the short operating time of each vessel-sometimes only a few hours-does not permit a 
continuous mode of operation. 

Accordingly, the goal of the invention is to create an actually effective possibility for the 
prilling of simple or mixed fertilizer, wherein the work is done vertically. A continuous operation 
is to be made possible, in which, using a single supply vessel, a cleaning of the prilling disk or of 
the supply vessel is not required. 

To attain this goal, the invention creates a method for the prilling of simple or mixed 
fertilizer in plants with prilling towers, which is characterized in that pure ammonium nitrate or a 
mixture of ammonium nitrate with other nutrients, such as ammonium sulfate or pulverized 
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limestone, in various combinations, with a water concentration, which can attain values below 
0.5%, is prilled vertically. 

In accordance with the invention, it is possible to use towers of smaller dimensions. Thus, 
a yield of approximately 400 tons/day (17 tons/day [sic; tons/h] in 20.5% N) is attained with a 
5 x 5-m tower, which would be impossible with the same dimensions using rotary baskets and 
mouthpieces. A plant working in accordance with the invention, with a capacity of 300 tons/day, 
has already been in operation for a year and has not had to be shutdown a single time up to now 
because of the failure of the prilling apparatus-without it being necessary to exert any external 
effects, such as, perhaps, hammer blows or vibrating systems. Various fertilizers were thereby 
produced-from ammonium nitrate to ammonium nitrate limestone and a mixture of ammonium 
sulfate and nitrate. 

Other advantages and features of the invention can be deduced from the following 
description of a preferred exemplified embodiment, in connection with the appended design. The 
figures of the design show the following: 

Figure 1, a scheme of a plant, which delivers an increased output with operation in 
accordance with the invention; 

Figure 2, a side view of the supply vessel located on the tower head; 

Figure 3, a sketch of the supply vessel according to Figure 2; 

Figure 4, a vertical section through the supply vessel according to Figure 2. 

In accordance with Figure 1, a mixing vessel 4 is supplied, via a conduit 1, with an 
aqueous solution with 83% ammonium nitrate or another concentration. Through a conduit 2, 
finely pulverized limestone reaches the mixing vessel 4. Furthermore, a conduit 3 is provided, 
through which additional components, such as iron sulfate (discharged from the screen of the 
finished product) or ammonia, are added. The supply of the mixed vessel 4 takes place 
continuously and in adapted quantities, to obtain various nitrate types present on the 
market— from pure ammonium nitrate to the weakest fertilizers (20.5%). In order to attain a 
uniform and homogeneous and thorough mixture of the various components, the mixing vessel 4 
is equipped with a stirrer. Furthermore, it is heated, so as to attain the correct operating 
temperature. The temperature of the mixture must be kept at values above the melting point of 
the ammonium nitrate, wherein one remains as close as possible to this temperature, so as to 
avoid reactions of the mixture. 

It was found that the temperature is preferably between approximately 80° and 
approximately 150°C, wherein unburned limestone of such a particle size is used that 100% 
passes through a screen with 70 Tyler mesh. 

The suspension coming from the mixing vessel 4 arrives at a pump 6 via a conduit 5 and 
from there to a filter 8 via a conduit 7. The filter 8 is used to remove nonuniform parts of the 



c c 

4 

suspension. From the filter 8, the suspension arrives at a film evaporator head 10 via a conduit 9. 
This works with a descending or sloping film, as is described, for example, in US-PS 2,089,945. 
A solution which contains a compound and a volatile liquid flows in counterflow to a heated 
inert gas as a continuous film over a heated surface. The latter is maintained at a temperature 
which lies above the melting point of the compound in an anhydrous state. The flow rate of the 
liquid is such that the film comes into contact with the surface only briefly, so as to avoid a 
decomposition of the compound. The contact time, however, is sufficient to dehydrate the 
suspension. 

Since the suspension flows downward as a thin film, its water content is reduced, in 
stages, from the entry point into the evaporator head to the evaporator bottom, where an 
essentially anhydrous product is obtained. From the evaporator bottom, the suspension arrives at 
a supply vessel 12 of the prilling tower 13 via a conduit 11. The residence time of the suspension 
in the supply vessel 12 should be as short as possible, because the product leaves the bottom of 
the evaporator 10 with little water and has a temperature which is close to that of sludge 
solidification. The supply vessel 12 is equipped with a stirrer, so that the suspension goes 
through a prilling disk located on the bottom of the supply vessel 12. The supply vessel is 
concentric to the prilling tower 13, which is supplied with air, which enters in the vicinity of its 
bottom. The air migrates, in counterflow to the prill-shaped product, through the head of the 
prilling tower. 

The prilling tower 13 has the shape of a quadrangular prism with a triangular, 
prism-shaped bottom. One of the edges between the base surfaces is open and supplies a conduit 
14, which leads to a cooler 15. Here, the product is cooled, before it arrives at a screen 16 and 
subsequently at a coating drum 17. The product is conveyed to the storage building via the 
conduit 18. The geometric shape of the prilling tower is not a critical feature. Thus, the prilling 
tower can have a quadrangular, rectangular, or round cross-section. 

In connection with Figures 2, 3, and 4, a few experiments should be explained, which 
were made so as to improve the mode of operation of the disks and the prilling. The first supply 
vessels were round, had a stirrer, and measured 800-1200 mm in height. Their diameters were 
between 650 and 750 nm. The prilling disk was fixed on the vessel bottom by a flange. In order 
to eliminate the cause for the defective mode of operation of these arrangements, different 
modification and improvement experiments were undertaken. Thus, for example, a hammer 
striking the prilling disk from below was used, which was changed later with a hammer striking 
from above, in order not to allow the sludge in the boreholes to solidify and to clog the prilling 
disk. Furthermore, the number (4, 6, and 8) of stirring blades and their angle of inclination was 
changed, so as to give the suspension at the entry of the prilling disk an appropriate and rapid 
movement. Also, a chamber was provided in the area of the stirring blades, which was bounded 



below by the prilling disk and above by a perforated disk, so as to prevent sludge from being 
hurled against the vessel walls and in this way, from forming solid agglomerates which clogged 
the prilling disk. Another experiment consisted in providing a Teflon sleeve connected with the 
inner vessel walls by a crosspiece, so as to eliminate the mechanical deficiencies of the stirrer 
shaft, which were caused by its length. The prilling disk had between 3000 and 7000 boreholes 
with various diameters. If, on the other hand, no clogging occurs, and the product remains in the 
vessel only a short time, then this shaft can be designed much smaller and lower, wherein the 
mode of operation of the stirrer is improved and its mechanical deficiencies are eliminated. 

The mode of operation of the stirring blades was similar to a sieving machine 
(passe-vite). The stirring blades forced the sludge to flow through the boreholes, wherein drops 
were formed on the outside of the boreholes, which covered the entire surface of the disk. Under 
the effect of the force of gravity, the drops fell, in counterflow to the air rising through the 
prilling tower, downward. The product obtained in this manner was very nonuniform and 
contained a large fraction of reject coarse grains and sometimes, such large agglomerates that 
they did not solidify over the entire height of the prilling tower. On the other hand, a few drops 
solidified before becoming detached from the prilling disk, so that the latter became clogged. 

In accordance with the invention, on the other hand, the stirrer works as an impeller, 
similar to that of a centrifugal pump and throws the product through boreholes provided only on 
the circumference of the prilling disk-at a prespecified initial speed, which depends on the blade 
speed and on the air flow rising in the prilling tower. The adjustment of these variabies-namely, 
blade speed, borehole diameter, and supply flow-thus makes possible a better quality control of 
the finished product with respect to the size and shape of the grains, because, namely, the 
dropping of the product is independent of its weight, its viscosity, and the higher or lower 
efficiency of the vibration system. 

Since the stirrer-impeller exerts a pressure on the sludge on the entry into the boreholes, 
one can a) enlarge the borehole diameter; b) avoid clogging; c) produce smaller fine grains; d) 
increase the production capacity with the same output. 

With the stirrers working in a manner similar to a sieving machine, the sludge which does 
not pass through the boreholes has a tendency to rise upwards on the vessel walls under the 
pressure effect of the blades. On the other hand, if one uses a stirrer-impeller, in accordance with 
the invention, which works in a low cylinder chamber supplied in the middle part of the blades 
with the sludge to be prilled, the sludge does not rise on the walls, since all the sludge is driven 
by the blades through the boreholes. 

The apparatus in accordance with the invention, as it is represented in Figures 2, 3, and 4, 
therefore offers the possibility of attaining good results, without the disadvantages explained 
above appearing. 



In accordance with the drawing, a truncated cone-shaped supply vessel 19 is provided, 
whose upper larger base 20 has a diameter of approximately 350 mm. The lower, smaller base 21 
is open and connected with a chamber 22 for the stirring blades. This chamber has the shape of a 
cylinder with a height of approximately 50 mm and a diameter of approximately 600 mm. Its 
underside consists of a prilling disk 23, which is affixed to a flange. The entire arrangement is 
affixed, using flaps 24 on beams of the tower head and, as a whole, has a height of approximately 
300 mm and a weight of approximately 1 10 kg. It is made of stainless steel and has metal 
supports for 25 reinforcement. 

The suspension coming from the evaporator 10 enters laterally through an inlet 26 into 
the supply vessel. A stirrer shaft 27, screwed on the blade system, is located in the axis of the 
truncated cone. A stopper 28 is used to introduce ammonium to control the pH value of the 
suspension— in view of ammonium losses which occur in the evaporator 10. The prilling disk has 
around 300 boreholes, which have a diameter of approximately 2 mm and are located on the 
circumference. 

The described arrangement has proven good in the production of any product, without 
having to undertake possible modifications. The quantity of the product produced is dependent 
on the speed of the impeller (impeller shaft coupled with an adjustable speed-range electric 
motor), on the level of product in the supply vessel, and on the diameter of the boreholes in the 
prilling disk. The changing of the prilling disk can be carried out extraordinarily quickly (about 
half an hour), since the entire arrangement can be handled very easily. 

In order to clarify the efficiency of the method in accordance with the invention, the 
following table shows some examples from the production area of an industrial 
plant— determined in various seasons: 
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[Key to previous page:] 

1 Product 

2 Mixture 

3 Ammonium nitrate as 100% 

4 Broken limestone 

5 Ammonium sulfate 

6 Hourly production 

7 Total urea 

8 Particle size analysis 

9 Mixture of ammonium nitrate and sulfate 

10 Nitro-limestone 

11 Ammonium nitrate A . . 

12 The particle size analysis concerns the product sent to the storage building after it has left 
between 8-10% rejected coarse grains and 10-12% rejected fine grains in screens, which 
are returned to the mixing vessel. 
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Claims 

1 . Method for the prilling of simple or mixed fertilizer in plants with prilling towers, 
characterized in that pure ammonium nitrate or a mixture of ammonium nitrate with other 
nutrients, such as ammonium sulfate or pulverized limestone, in various combinations, with a 
water concentration which can reach values below 0.5%, is prilled vertically. 

2. Method according to Claim 1, characterized in that a truncated cone-shaped supply 
vessel is connected to a cylindrical chamber with its smaller base. 

3. Method according to Claims 1 or 2, characterized in that the suspension to be prilled 
enters the cylindrical chamber via the supply vessel. 

4. Method according to one of Claims 1 - 3, characterized in that the suspension to be 
prilled is thoroughly stirred by a stirrer, whose blades rotate within the cylindrical chamber. 

5. Method according to one of Claims 1 - 4, characterized in that the bottom of the 
cylindrical chamber consists of a disk, whose boreholes are located in two concentric circles on 

the circumference. 

6. Method according to one of Claims 1 - 5, characterized in that 

the stirrer works as an impeller. 

7. Method according to one of Claims 1 - 6, characterized in that the suspension is kept at 
a prespecified pressure by speed regulation of the blades of the stirrer-impeUer. 

8. Method according to one of Claims 1 - 7, characterized in that the blade plane is 
inclined at an angle to the horizontal, in order to maintain a prespecified suspension pressure at 
the entry into the prilling disk, which is adapted to the production conditions resulting from the 
system. 

9. Method according to one of Claims 1 - 8, characterized in that the suspension to be 

prilled contains ammonium nitrate. 

10. Method according to one of Claims 1 - 9, characterized in that the suspension consists 
of ammonium nitrate with one or more solid and finely distributed nutrients. 
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1 83% Ammonium nitrate 

2 Pulverized limestone 

3 Other 

4 Admixture vessel 
6 Pump 

10 Evaporator 

12 Priller 

13 Prilling tower 

15 Cooler 

16 Screen 

17 Coating 

18 Storage 
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Examiner: Robert A. Madsen 
Art Unit: 1761 



DECLARATION OF JAMES KWEEDER 
UNDER 35 USC §1.132 

L the undersigned, James Kweeder, hereby declare as follows: 

L, My educational and professional qualifications are shown in the attached resume (see 
Exhibit A). 

2. Further to my work in connection with the prosecution of the above-referenced patent: 
application, I have read and I understand the text of the following documents and issued 
patents (hereafter referred to as "cited art"): 

a. Hoogendonk (US 3083406) 

b. Frenken et al (US 3988398) 

c. Otsukaetal (US 3529326) 

d. Holland et al., Fluid Flow for Chemical Engineers, pp. 52, 53 and 55, (1 995) 

e. Hankeetal (US 5466281) 

f. Bassetti et al (US 5378259) 

g. Stengel (US 3021207) 
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3. It is my understanding from reading and reviewing the cited art that none of these references 
separately teach: 

A method to prill a shear-thinnable mixture comprising the steps of: 
providing a molten first component; 

mixing at least a second component with said molten first component; 

reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate; 

mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by said 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence o f a 
force selected from the group consisting of static pressure and centrifugal force. 

4. Respectfully submits that the terms thixotropic and shear-thinnable, while related, aire not 
interchangeable and not understood in the field to mean the same thing. Examination of the 
Holland reference, particularly figures 1 .20 and 1 .2 1 (and the referencing text) illustrate the 
difference. Shear-thinnable refers to those liquids in which the viscosity decreases with 
increasing shear rate independent of time. Thixotropic, alternatively, describes a fluid in 
which the viscosity decreases with time while at constant shear-rate. While it is possible that 
a particular fluid be both thixotropic and shear-thinning (as illustrated in figure 1.21 of 
Holland), it is not required. A thixotropic viscosity can be independent of shear-rate (that 
is, Newtonian with respect to shear-rate but non-Newtonian with respect to time). 
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6. 



5 The difference between shear-thinning and thixotropic necessitates different approaches to 
device design. While exploiting either behavior requires shearing the material, it does ixot 
follow that one device suitable for one behavior will necessarily function as anticipated with 
the other behavior. In particular, shear-thinning usually requires that a particular shear-rate 
be achieved to accomplish the targeted viscosity. Consecuently, it is necessary to specif 
that adequate shear-rate by the combination of shear device geometry and device velocity. 
Thixotropy, conversely, requires that shear be maintained for a specified time period. ^ 
device designed for shear-thinning may not sustain shear sufficiently long to process a 
thixotropic material and a device designed for thixotropy may not achieve adequate shear to 
process a shear-thinning material. 

As one who is skilled in the art of fertilizer chemistry and fertilizer production, it would not 
be obvious to me, after a fair reading of each member of the cited art and after reviewing the 
combined cited art, to prill a shear-tfainnable mixture, as listed in paragraph 3, because of the 
following: 

Hoogendo nk Reference 

a. Hoogendonk states in Column 1 , lines 54-65 that: 

"In accordance with the present invention it has been found that prills of good 
quality can be obtained if the melt is sprayed from a reservoir which has a scraper 
arrangement including a rotary element rolling along the upright wall of the 
reservoir while the latter rotates. Owing to the rolling movement of the said 
element the inner wall of the reservoir remains clean and the spray openings do 
not become clogged. Due to the thixotropic properties of the melts to be sprayed, 
the shearing stresses produced by the rolling movement of the rotary element 
causes the melts to remain sufficiently fluid so that no solid material will deposit 
on the wall or in the spray openings." 
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b. As I read the above paragraph in the Hoogendonk reference, I first question the 
assertion that the melts are fluid as based on thixotropic properties. I assert that it 
may be the pressure created by the rollers, similar to the action of a positive 
peristaltic pump (see Exhibit B), causing the melts to prill easily over 
conventional methods used. 

c. In addition, as I read the above paragraph, if in fact the melts are fluid based on 
thixotropic properties, then as I - one of ordinary skill in the art - understand it, tlxe 
only part of the melt that is thixotropic is that part of the melt that is between the 
inner wall and the rollers. There is absolutely no teaching or suggestion in 
Hoogendonk that any portion of the remaining melt, such as that portion of the 
melt in the middle of the apparatus, is being swept by the rollers or thixotropic. 

d. Hoogendonk states in Column 1, lines 35-42 that: "It is therefore an object of the 
present invention to provide an improved prilling device which prevents clogging 
of the spray openings and which has a relatively long life. A further object of the 
present invention is to provide an improved prilling device which utilizes a rolling; 
member for preventing clogging of the spray openings." 

e. Hoogendonk mentions thixotropic fluids briefly without any discussion on these 
types of fluids or the shear-rate and/or time requirements when working with 
thixotropic fluids. 

f. Hoogendonk also does not suggest to one of ordinary skill in the art that there 
might be some benefit to sweeping and/or agitating the entire liquid volume in the 
prill head to shear thin a shear-thinnable mixture. 

g. If the agitator action of Hoogendonk does in fact work, it would be limited to the 
shear zone between the roller and the wall. The agitator action would not affect 
the entire liquid volume in the prill head. 
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h. Hoogendonk discloses a prilling device with an integral "agitator" that is 

specifically configured to roll along the inside wall of the prilling device for the 
specific purpose of keeping the prilling orifices "clear". One embodiment 
includes pins on the rolling device to mechanically clear the holes, the other is 
silent in whether a smooth roller or something textured is used to enhance 
clearing, (see Column 1 , lines 59-66) But there is no teaching or suggestion that 
there is any benefit to using rollers to agitate or sweep the entire liquid volume of 
the reservoir, as mentioned in claim 1 of the above-referenced patent application. 

Frenken Reference 

a. The Frenken device includes a pump impeller with the specific purpose of raising 
the interior fluid pressure and forcing the melt to flow through the holes. The 
above-referenced patent application very specifically states that we prill through a 
combination of static and/or centrifugal pressure and not via pressurization. 

b. The Frenken reference, like the Hoogendonk reference, is not placing any 
importance or critical embodiment on sweeping and/or agitating essentially the 
entire liquid volume in the reservoir to shear-thin a shear-thinnable liquid. In 
Column 2 of the reference, lines 14-23, it is explicitly stated that the distance from 
the inner wall of the reservoir to the ends of the blades is not critical . 

c. As a comparison, DE 2355660 teaches a cylindrical chamber with stirring blades, 
similar to that described in Frenken. However, the DE 2355660 points out that 
modifying the configuration of the chamber to be similar to the one described in 
the above-mentioned patent application would result in thickening, clogging of 
the prill holes, nonuniform product, large fraction of reject course grains and 
occasional large agglomerates that did not solidify in the prill tower. 
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Otsuka Reference 

a. The Otsuka reference is filled with references to how difficult it is to take the 
molten materials described in Otsuka and process them by conventional prilling 
methods, including those that utilize agitators, (see Columns 5-6) 

b. In order to combat the problems seen when incorporating the molten materials of 
Otsuka, Otsuka engineers using a series of mesh screens to break up and disperses 
the molten materials. 

After a fair reading of Otsuka, I would understand how to produce molten 
materials containing nitrogen and potassium or phosphorus - but I would not 
understand how these molten compounds can be utilized by any conventional or 
modified prilling methods other than those described in the Otsuka reference, 
especially after reading Columns 5 and 6 of the reference. 



Holland and Hanke References 

The Holland and Hanke references merely disclose thixotropic and shear-thinning materials . 
There doesn't appear to be anything in either the Holland reference or the Hanke reference 
that cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Frenkea 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shear-thinnable mixture. 
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Bassettl and Stengel References 



The Bassetti and Stengel references disclose ammonium nitrate fertilizers and mixtures. 
There doesn't appear to be anything in either the Bassetti reference or the Stengel reference 
that cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Frenlcen 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shegr-tlunnable mixture. 



Hereby declare that all statements made herein of my own knowledge are true and that statements 
«mde on information or belief are believed to be true; and farther that these statements were made 
the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Title 18, United States Code, Section 1001 , and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 



Executed at Chester, Virginia, this 28 day of July, 2005. 




James Kweeder, Ph.D. 
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The primary function of a pump is to transfer 
eiiet?y from a power source to a fluid, and as a result, 
to create lift, flow or greater pressure on the fluid. A 
pump can impart three types of hydraulic energy to 
any fluid: lift, pressure, and velocity. 

The classification of pumps used in this 
publication first defines the principle by which energy 
is added to the fluid, then identifies the means by 
which this principle is implemented, and finally, 
distinguishes among specific pump geometries 
commonly used. Under this classification system, all 
pumps may be divided into two major categories: 

1 . dynamic pumps, where continuously added energy 
increases the velocity of the fluid which isllater 
converted to lift or pressure, and 

2. positive displacement pumps, where periodically 
added energy directly increases pressure or lift. 

Iiis publication will only discuss positive 
displacement pumps. These pumps are normally 
used to produce high fluid pressures which are 
necessary for numerous agricultural applications; 
among them, the injection of chemicals into a 
pressurized irrigation pipe system. Other applications 
include fluid transfers, sprayers, and chemical 
jneteiing. Positive displacement pumps used ; for 
injection of chemicals in agricultural irrigation systems 
are discussed in more detail than other pumps. 
Dynamic pumps used for pumping water in 



agricultural applications are discussed in another 
publication. 

Positive displacement pumps are self-prixning, 
which is especially advantageous when handling 
hazardous chemicals. It is important to note that: self- 
priming does not imply that air can be pumped 
against pressure or into a pressurized system to p»rime 
a pump. Rather, the discharge line should be vented 
to the atmosphere until all air is removed from the 
system during priming. This is important if the 
suction line is long, contains large quantities of air, or 
if the pump is discharging into a pressurized system 
upon starting. The pump is primed when all air is 
displaced by liquid in the suction line and there is a 
continuous liquid column in the discharge line. 

Positive displacement pumps described in this 
publication can be subdivided into reciprocating and 
rotary pumps (Figure 1), This classification refe:rs to 
whether a reciprocating or rotating mechanism is used 
to transfer energy to the fluid. 

RECIPROCATING PUMPS 

A reciprocating pump is one in which a pistoxi or 
a diaphragm displaces a given volume of liquid ^with 
each- stroke, The change in internal volume of the 
purtip creates the high pressure which forces liquid 
into the discharge pipe. Check valves on both the 
suction and^ the discharge sides of the pump allow the 
pumped liquid to flow in one direction only. 
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Figure 1. Types of positive displacement pumps. 




Figure 2a. Piston pump - suction stroke. 



Reciprocating pumps are classified as piston or 
dl aphiagm pumps. This classification is based on the 
type of reciprocating element used to transfer energy 
t0 tft e fluid. BJ 
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Figure 2b. Piston pump - discharge stroke. 




Piston Pumps 

_. In Pk* 011 pumps, a piston, which is attached to a 
mechanical linkage, transforms the rotary motion of 
a drive wheel into the reciprocating motion of the 
P lston : . ° n 3,1 mtake stroke (Figure 2a) the liquid 
enters the cylinder through the suction check valve. 
On a compression stroke (Figure 2b) it is forced into 
the discharge line through the discharge check valve. 
This action is similar to the action of a piston ir» the 
cylinder of an automobile engine. 

The flow rate of a simple piston pump is not 
constant since there is no flow on the intake stroke 
and the flow varies from zero to a maximum and t> ack 
to zero on each compression stroke. 

• y 

Pulsation of flow can be reduced by usinx^ a 
double action piston pump (Figure 2c) where 
volume on both sides of the piston is used *<« 
pumping liquid. In this case, each suction stroke »s a 
companion compression stroke for the opposite aside 
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FigurtSa. Diaphragm pump - suction stroke. 



of tt» pump and the liquid is pumped on both 
strokza 

To reduce the fluctuations even further, more 
than cue cylinder can be employed in the same pump. 
In addition, each cylinder can be single or double 
acting However, it should be noted that the 
pulsation of the flow is usually not a problem when 
chemicals are injected into an irrigation system, and 
pumps of the type shown in Figure 2a and Figure 2b 
are commonly used for this purpose. 

Tie flow rate of a piston pump can be varied by 
changing the reciprocating speed of the piston or the 
length of the piston stroke. Variable speed drive 
motors are also used sometimes to alter pumping 
rates, but this is a more expensive option. The upper 
limit for metering pumps of this kind is about 350 
strokes per minute. Capacities of piston pumps vary 
from a few cubic inches per hour to 20 gpm. For 
chemical injection into irrigation systems, capacities in 
the range of 0.01 to 0.5 gpm are commonly used. 




Figure 3b. Diaphragm pump - discharge stroke. 



Piston pumps can create high pressures (u.p to 
50,000 psi) and they deliver a constant flow rate 
independent of the discharge pressure. They can run 
dry without damage and do not require downstream 
check valves. Piston pumps are mechanically simple 
and can have an exceptionally long life if properly 
maintained. Maintenance is critical, however, because 
internal parts of the pump are in direct contact with 
the pumped liquid. This may create problems when 
corrosive chemicals are being pumped. In addition, 
piston pumps cannot be used for pumping abrasive 
liquids or chemicals which crystalize. 

The cost of piston pumps ranges from several 
hundred to 2 or 3 thousand dollars. The more 
expensive models can be adjusted for calibration while 
operating, while the simpler models must be stopped 
for any adjustment. Piston pumps are bulky, h&avy, 
and can have a significantly pulsating discharge. 



po$l*^ Displacement Pumps for Agricultural Applications 



Pe*ge4 



Diaphragm Pumps 

Diaphragm pumps are the most common positive 
disp Jfcement pumps used in agricultural applications. 
Th& operation of a diaphragm pump is similar to that 
of s piston pump. The pulsating motion is 
transmitted to the diaphragm through a fluid or a 
medanical drive, and then through the diaphragm to 
the Jproiped liquid. A schematic of this type of pump 
is presented in Figure 3a and Figure 3b. 

A major advantage of diaphragm pumps is that 
the flumped liquid does not come into contact with 
mos*of the working parts of the pump. The only 
mov iag parts which are in contact with the pumped 
liquid are the diaphragm and the suction and 
discharge check valves. Hence, diaphragm pumps are 
suitable for pumping corrosive liquids which is often 
the case with chemical injection into an irrigation 
system. 

Tor diaphragm pumps, the pumping 
characteristics depend on the method by which the 
driving force is transmitted to the diaphragm. Less 
expensive ($200 - $500) diaphragm pumps are 
meclanically driven. They use an unsupported 
diap>kagm which is moved in the discharge direction 
by a- cam or by a piston. These mechanically driven 
diap>hragm pumps have pressure limitations of 125 to 
150 psi and capacity limits of 12 to 15 gpm. 

The pumping rate for mechanically driven 
diaj>kagm pumps vary with the pressure that the 
pumps are operating against. Thus, field calibration 
whil< pumping against a pressurized system is 
reqviircd for accurate calibration. However, 
diaphragm pumps are made to be adjustable while 
operating, which makes the process of calibration 
easier. 

Since most irrigation systems operate at a 
constant, predetermined pressure, mechanical 
di ap hragm pumps are often used for chemical 
injection into an irrigation system. Once calibrated 
for tie operating pressure, the pump does not have to 
be frequently adjusted. 

liquid-driven diaphragm pumps provide all of the 
advantages of both piston pumps and mechanically 
driven diaphragm pumps. They can create the same 
high pressures as piston pumps. For liquid-driven 
diapjragm pumps, the pumping rate is also 
independent of the discharge pressure (as in piston 
P*Ji*\ps) since for all practical purposes liquid is 



incompressible. The discharge capacity of these 
pumps is up to 20 gpm, but rates of 0.01 to 0.5 gpm 
are most common for chemical injection applications. 

Liquid-driven diaphragm pumps are usually 
significantly more expensive ($1,500 - $3,000) than 
mechanically driven diaphragm pumps and, for some 
applications, this additional expense cannot be 
justified. Liquid-driven diaphragm pumps are often 
used when high precision is required such as for 
injection of pesticides into irrigation systems. 

Diaphragm pumps can be run dry for extended 
periods of time without damage. However, operation 
against a closed discharge must be avoided since high 
pressure may build up on a discharge side. Shoitoff 
valves, responding to high pressure on the discharge 
side, should be installed on the suction side of the 
pump. 

Most diaphragm pumps can be adjusted for 
calibration when running. If the length of stroke can 
be adjusted using a mechanical linkage, they do not 
require variable speed drives to alter pump discharge. 

ROTARY PUMPS 

Rotary pumps transfer liquid from suctioxi to 
discharge through the action of rotating gears, lobes, 
vanes, screws, or similar mechanisms. These rotating 
elements operate inside a rigid casing. Rotary pumps 
do not require check valves for proper operation. 
However, these pumps are often equipped with clieck 
valves to assist with priming and to avoid backward 
flow when the pump is stopped. 

Rotary pumps can be classified into the following 
groups (Figure 1): gear, lobe, vane, screw, flexible 
impeller. This classification is based on the type of 
rotating element used to transfer energy to the fluid. 

Gear Pumps 

A gear pump can be classified as internal (Figure 
4) or external (Figure 5) depending on the position of 
the gears. In the internal gear pump (Figure 4) the 
inside gear is attached to the pump drive shaft and 
the outside gear, which is a part of the pump casing, 
is an idler gear. In the external gear pump ther& are 
two meshing gears of equal size (Figure 5) locate ^ in 
the pump case. One of the gears is attached to the 
pump shaft and the other is an idler gear. 
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SUCTVN 




DISCHARGE 



1^ A ^ 



FIguviS. External gear pump. 

The operation of a gear pump is based on the 
part! jl vacuum which is created by the unmeshing of 
the rotating gears. This vacuum causes liquid to flow 
into (lie pump. Then, the liquid is carried between 
the gears and the casing to the discharge side of the 
punxj. The meshing of the rotating gears on the 
discharge side prohibits backward flow and generates 
an ixrrease in pressure which forces liquid into the 
outlet line. 

Both internal and external gear pumps can 
theoretically be run in either direction, but in most 
case^they are equipped with pressure relief valves 
whic: l prevent buildup of pressure above safe levels. 
Tlie lecommended direction of flow is clearly marked 
°n tU& outside of the pumps. Check valves are 




n THREE- LOBE 
ROTORS 



Figure 6. Lobe pump with two impellers. 

sometimes also used to insure proper direction of 
flow. 

Gear pumps produce a constant discharge for a 
set speed of rotation, thus the pulsation of flow is 
negligible. They depend on the pumped liquid for 
lubrication and they can be damaged when they run 
dry. Gear pumps can easily be damaged when 
operating against a closed discharge and, therefoxe, a 
pressure relief valve is a necessary part of the pump 
installation. A bypass valve, which returns part of the 
liquid from the discharge to the suction side of the 
pump when the pressure is too high, is used by s ome 
manufacturers to prevent pump damage. 

The alignment of internal parts in a gear pump is 
very critical because close clearances between moving 
parts are essential. As a result, abrasive fluids quickly 
damage these pumps. Gear pumps should be used 
for chemical injection of nonabrasive liquids only. 
They are also used in some hydraulic servo systems, 
sprayers, and as pumps for machine-tool services. 

Lobe Pumps 

Lobe pumps operate like external gear pumps, 
but the gears are replaced by impellers which tiave 
two or three lobes. Figure 6 illustrates a three-lobe 
pump with two impellers. The number of lobes will 
determine the amount of pulsation from the puirnp 
output. The greater the number of lobes, the more 
constant is the discharge from the pump. 
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Figure 7. Vane pump. 

The lobed impellers are easier to replace and 
tend to wear less with abrasives than the gears in the; 
gear pump. The alignment is also less critical in the 
lobe pump than in the gear pump. 

Lobe pumps are self-priming and can pump liquid 
which contains vapor or air. For these reasons lobe 
pumps are frequently used in vacuum pumps and 
compressors. 

Vane Pumps 

In vane pumps, fluid is pumped using a rotor 
mounted off-center in the pump casing. Rectangular 
vanes are placed at regular intervals around the rotor, 
and the vanes are free to move in a slot (Figure 7). 
As the rotor spins, the vanes are moved toward the 
casing by centrifugal force, and they form chambers 
in which the fluid is moved along the casing. Liquid 
enters the pump due to the vacuum which is created 
by the eccentricity (off-center location) of the rotor 
when in operation. The same eccentricity creates the 
pressure at the outlet. 

Vane pumps produce a constant flow rate for a 
given rotor speed. The pulsation is negligible and the 
original capacity is not affected until the vanes are 
significantly worn. These pumps can be operated in 
either direction. Like most of the positive 
displacement pumps, vane pumps cannot operate 
a £aixist a closed discharge without damage to the 
pump. Because of this, pressure relief valves are 
often installed on the discharge side of the pump and 
check valves are used to establish direction of flow. 
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Figure 8. Single screw pump. 

Vane pumps are frequently used for lubrication of 
machine-tools, and in electro-hydraulic control 
systems. They are also used in some spraying 
equipment. 

Screw Pumps 

Screw pumps consist of helical screws which 
revolve in a fixed casing (Figure 8). As the screw 
rotates in the casing, a cavity created between the 
screw and the casing progresses towards the disctx arge 
side of the pump. This movement creates a partial 
vacuum which draws liquid into the pump. The sliape 
of the casing at the discharge end is such that: the 
cavity becomes closed. This generates pressure, 
pushing the liquid into the discharge line. Some 
screw pumps use double screws which guide the li<quid 
to the same discharge point. 

Screw pumps produce a constant discharge xvith 
negligible pulsation. They have an exceptionally long 
life expectancy. They are built in a very wide range 
of sizes and capacities with pressure ranges from 50 
to 5000 psi. A pressure relief valve is required at the 
installation since screw pumps cannot be operated 
against a closed discharge. Screw pumps can op& rate 
in one direction only. 

Significant disadvantages of screw pumps are that 
they are bulky and heavy. Application of screw 
pumps in agriculture is limited to food processing and 
hydraulic systems for machine tools. 
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Flfluro 9. Flexible impeller pump. 



Flexible Impeller Pumps 

Flexible impeller pumps consist of flexible-bladed 
impellers which are placed eccentrically in casings 
(Figvin 9). The impeller blades unfold as they pass 
the suction port, creating a partial vacuum which 
causes liquid to flow into the pump. As the rotor 
moves, the blades bend due to the eccentric 
placement of the rotor, resulting in a squeezing action 
on tine liquid and increased pressure. The discharge 
of a flexible impeller pump is thus uniform with 
negligible pulsation. 

Flexible impeller pumps are typically not 
equipped with pressure relief or check valves, because 
they can operate against a closed discharge for a short 
time without damage and the contact between the 
impeller and casing prevents backwards flow. These 
pumps cannot pump against high pressure and are 
usually used in applications where the pressure does 
not exceed 30 psi. Because of pressure limitations, 
the flexible impeller pumps are not usually selected 
for tie injection of chemicals into irrigation systems. 
They are commonly used as fluid transfer and low 
pressure metering pumps. 

MISCELLANEOUS PUMPS 

Eccentric cam pumps and peristaltic pumps are 
discussed here. They differ from the previously 
discussed rotary pumps by the fact that the liquid 
being pumped is not in direct contact with a rotating 
eleitient. 
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Figure 10. Eccentric cam pump. 



Eccentric Cam Pumps 

Eccentric cam pumps are also called rotating 
piston or plunger pumps (Figure 10). These pumps 
have some of the characteristics of both rotary and 
reciprocating pumps. The primary component of 
these pumps is the eccentric cam which rotates within 
a circular housing inside a cylindrical plunger which 
is in direct contact with the pumped liquid. Cam 
rotation causes the cylindrical plunger to change 
position relative to the fixed casing. The cavity 
created between the plunger and the housing 
transmits the fluid towards the pump discharge. 
During the cam cycle the volume available for li<quid 
inside the pump progressively decreases, resulting in 
increased pressure at the discharge side of the pump. 

Eccentric cam pumps are self-priming, do not 
require check valves and can pump in either direction. 
These pumps have their primary moving parts 
separated from the pumped liquid, and therefore^ can 
be used for pumping corrosive substances. 

There are other variations of cam pumps, sue to as: 
diaphragm cam pumps, flexible liner cam pumps, and 
variable volume eccentric cam pumps (also called 
sliding shoe pumps) which are sometimes used for 
agricultural applications. More information on tliese 
pumps can be found in Holland and Chapman (1^66). 
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Figure 11. Peristaltic pump. 



Peristaltic Pumps 

Figure 11 shows a typical peristaltic pump. A 
flexible tube passes through the fixed casing of the 
putnf. A rotor with rollers attached to it moves and 
presses against the flexible tube. This squeezing 
action produces an even flow of liquid. For proper 
action it is important that the tubing is flexible 
enough to allow the rollers to squeeze it until it is 
completely closed. Special tubing, often tygon tubing, 
is used with peristaltic pumps. Because rollers 
continuously pass over and compress it, the tubing life 
expectancy is limited. This life varies with the type of 
tubing, but averages about 200 hours. 

Peristaltic pumps are self-priming. They do not 
require check valves. The pumped fluid is completely 
isolated from the moving parts, which permits 
pumping of corrosive substances. These pumps can 
be rxin dry for extended periods of time without 
damage to the pump. 

Peristaltic pumps are used mostly in chemical 
laboratories, but they can be used for injection of 
chemicals into small irrigation systems. Their capacity 
is limited and most of them produce relatively low 
pressure (30-40 psi). However, special models are! 
manufactured which can produce up to 100 psi. 



OPERATING PROBLEMS 

Common problems that occur during operation of 
positive displacement pumps are presented in Table 
1. Six common problems and possible reasons for 
each one are addressed in this table: 

1. the pump does not deliver any liquid, 

2. the pump delivers less liquid than its arated 
capacity, 

3. the prime is lost during operation of the pump, 

4. the pump is noisy, 

5. the pump wears more rapidly than should be 
expected, and 

6. the pump takes too much power. 

SUMMARY 

Different types of positive displacement pumps 
are discussed in this publication. Positive 
displacement pumps are classified as reciprocating 
and rotary types depending on the mechanism used to 
transfer energy to the fluid. Reciprocating pumps, 
including both diaphragm and piston types, are 
commonly used for chemical injection into 
agricultural irrigation systems. Rotary pumps include 
gear, lobe, vane, screw, flexible impeller, eccentric 
cam and peristaltic pumps. Basic principles of 
operation, typical applications, advantages and 
disadvantages of each type are presented. 
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Related Appeals and Interferences Appendix 

There are no other appeals or interferences in this matter known to appellant, and 
therefore, there are no additional attachments under this heading. 
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